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$D_{t}u-a(D)u=0$ in $\mathbb{R}^{1+n}$ , (11)
$u(\mathrm{O}, x)=\phi(x)$ in $\mathbb{R}^{n}$ (1.2)
. $u(t, x)$ $(t, x)=(t, x_{1}, \ldots, x_{n})\in \mathbb{R}^{1+n}$ ,
$n\geq 1$ ,
$D_{t}=-i \frac{\partial}{\partial t},$ $D=(D_{1}, \ldots, D_{n}),$ $D_{j}=- \dot{?}\frac{\partial}{\partial x_{j}}$ ,
H . , $a(D)$
$a(D)u(x)=(2 \pi)^{-n}\int_{\mathbb{R}^{n}}\int_{\mathbb{R}^{n}}e^{i(x-y)\cdot\xi}a(\xi)u(y)dyd\xi$





Sj\"olin [7] $a(\xi)=|\xi|^{m},$ $m>1$ .
$L^{2}$ . $-a(D)$ Laplacian $\triangle=\sum_{j=1}^{n}\partial^{2}/\partial x_{j}^{2}$ , $a(\xi)=|\xi|^{2}$
, – $a$
. [1], [2], [3], [4], [5], [6], [8], [9], [10], [11]
. . $\Omega$ Euclid
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. $S\in \mathbb{N}\cup\{0\}$ , $C^{s}(\Omega)$ $\Omega$ $s$
. $L^{2}(\Omega)$ $\Omega$ ,
$||f||_{L^{2}(\Omega)}=( \int_{\Omega}|f(x)|^{2}dx)^{1/2}$
. , $a$ $L^{2}$ $-$
. $\langle x\rangle=(1+|x|^{2})^{1/2}$ .
1.1 (Chihara [2, Theorem 1.1]). $n\geq 1$ . $a\in C^{1}(\mathbb{R}^{n})$ $m>1$
,
$\xi\in \mathbb{R}^{n}\backslash \{0\}$ , $\nabla a(\xi)\neq 0$




$e^{ita(D)}\phi$ $\phi$ , $(m-1)/2$
. $\langle$x$\rangle$ -\mbox{\boldmath $\delta$}|D|(m-1 $\rangle$/2
. ,
. nontrapping . , $(x, \xi)\in$
$\mathbb{R}^{n}\cross \mathbb{R}^{n}\backslash \{0\}$ ,
$|X(t;x, \xi)|=|x+t\nabla a(\xi)|arrow\infty$ as $tarrow\pm\infty$
.
.
1.2 (Hoshiro [4, Theorem 1.1]). $a( \xi)=\sum_{|\alpha|\leq m}c_{\alpha}\xi^{\alpha}$ $m>1$
. $a_{m}( \xi)=\sum_{|\alpha|=m}c_{\alpha}\xi^{\alpha}$ . $U\subset \mathbb{R}^{n}$
, \mbox{\boldmath $\chi$}\in C\infty (R $x\in U$ $\chi(x)=1$
, $C>0$ $T>0$ , $\phi\in L^{2}(\mathbb{R}^{n})$ ,
$\int_{0}^{T}||\langle D\rangle^{(m-1)/2}\chi e^{ita(D)}\phi||_{L^{2}(\mathbb{R}^{n})}^{2}dt\leq C||\phi||_{L^{2}(\mathrm{R}^{n})}$
. ,
$\xi\in \mathbb{R}^{n}\backslash \{0\}$ , $\nabla a_{m}(\xi)\neq 0$
.
$a$ ,
$a$ , . $a_{m}(\xi)$ $a(\xi)$
. 11 $\xi\in \mathbb{R}^{n}\backslash \{0\}$ $\nabla a_{m}(\xi)\neq 0$
, , .
– . $S^{n-1}=\{x\in \mathbb{R}^{n};|x|=1\}$ .
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13. $n\geq 1$ . .
(A1) $a\in C^{1}(\mathbb{R}^{n})$ .
(A2) $\xi\in \mathbb{R}^{n}\backslash \{0\}$ , $\nabla a(\xi)\neq 0$ .
(A3) $m>1$ $a_{m}\in C^{1}(\mathbb{R}^{n})$ , .
(i) $\xi\in \mathbb{R}^{n}\backslash \{0\}$ , $\nabla a_{m}(\xi)\neq 0$ .
(ii) $\lambda>0$ $\xi\in \mathbb{R}^{n}\backslash \{0\}$ , $a_{m}(\lambda\xi)=\lambda^{m}a_{m}(\xi)$ .
(iii)
$\lim_{\lambdaarrow\infty}\max_{\omega\in S^{n-1}}|\lambda^{-m+1}\nabla a(\lambda\omega)-\nabla a_{m}(\omega)|=0$.
(iv) $a_{0}$ : $S^{n-1}arrow \mathbb{R}^{n}$ ,
$\lim_{\lambda\searrow 0}\underline{\max_{\omega\in s^{n1}}}|\frac{\nabla a(\lambda\omega)}{|\nabla a(\lambda\omega)|}-a_{0}(\omega)|=0$.
$\delta>1/2$ . , $C>0$ , $\phi\in L^{2}(\mathbb{R}^{n})$ ,











14. $n\geq 2$ .
$a(\xi)=g(h(\xi)),$ $h( \xi)=\sum_{i=1}^{n}a_{j}(\xi_{j})$
. $g\in C^{1}(\mathbb{R})$ , $\xi\in \mathbb{R}^{n}\backslash \{0\}$
$g’(h(\xi))\neq 0$ , $j=1,$ $\ldots,$ $n$ , $a_{j}\in C^{1}(\mathbb{R})$
, $|a_{j}’(\rho)|$ $(-\infty, 0)$ $(0, \infty)$ ,
$a_{j}’(\rho)=0\Leftrightarrow\rho=0$ . $\delta>1/2$ . , $C>0$
, $\phi\in L^{2}(\mathbb{R}^{n})$ ,




. , $n\geq 2$ ,
$a( \xi)=\sum_{j=1}^{n-1}\xi_{j}^{4}+|\xi|^{2}$




. $(t, x)\in \mathbb{R}^{1+n}$ Fourier
$\tilde{f}(\tau, \xi)=(2\pi)^{-(1+n)/2}\int_{\mathbb{R}^{n}}\int_{-\infty}^{\infty}f(t, x)e^{-it\tau-ix\cdot\xi}dtdx$
. ,
$||\langle x\rangle^{-\delta}|(\nabla a)(D)|^{1/2}e^{ita(D)}\phi||_{L^{2}(\mathrm{R}^{1+n})}\leq C||\phi||_{L^{2}(\mathrm{R}^{n})}$
Fourier
$( \int_{\mathbb{R}^{n}}|\nabla a(\xi)||\tilde{f}(a(\xi), \xi)|^{2}d\xi)^{1/2}\leq C||\langle x\rangle^{\delta}f||_{L^{2}(\mathrm{R}^{1+n})}$ (1.3)
. , (1.3) . ,
Chihara [2] , $\nabla a$ $\mathbb{R}^{n}$
. , 14
. , 13 , $\xi$ $a(\xi)$
, [2] .
, 2 13 , 3 14 .
2
, 13 .
2.1. $u(t, x)$ $e^{ita(0)}u(t, x)$ $a(\mathrm{O})=0$ –
.
$R>0$ , $B_{R}=\{x\in \mathbb{R}^{n};|x|<R\},$ $\overline{B}_{R}=\{x\in \mathrm{R}^{n};|x|\leq R\}$ .
22. $n\geq 2$ . $(\mathrm{A}1)-(\mathrm{A}3)$ . $j=1,$ $\ldots,$ $n$ ,
$\Gamma_{j}=\{\xi\in \mathbb{R}^{n}\backslash \{0\};|\frac{\partial a_{m}}{\partial\xi_{j}}(\xi)|>(2n)^{-1/2}|\nabla a_{m}(\xi)|\}$
. , $R>1$ , $\xi\in\Gamma_{j}\backslash B_{R-1}$ ,
$| \frac{\partial a}{\partial\xi_{j}}(\xi)|\geq C|\nabla a(\xi)|$
.
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(A3) (i) , $n\geq 2$ ,
$\bigcup_{j=1}^{n}\Gamma_{j}=\mathbb{R}^{n}\backslash \{0\}$ (2.1)
.




$| \nabla a(\xi)|\leq|\nabla a_{m}(\xi)|+\frac{(2n)^{-1/2}|\xi|^{m-1}}{10}\min_{\omega\in S^{\underline{\hslash}}}|\nabla a_{m}(\omega)|1$
$=| \nabla a_{m}(\xi)|+\frac{(2n)^{-1/2}}{10}\min_{\xi\in \mathbb{R}^{\mathfrak{n}}\backslash \{0\}}|\nabla a_{m}(\xi)|$
$\leq\frac{11}{10}|\nabla a_{m}(\xi)|$
. , $\xi\in\Gamma_{j}\backslash B_{R-1}$ ,
$| \frac{\partial a}{\partial\xi_{j}}(\xi)|\geq|\frac{\partial a_{m}}{\partial\xi_{j}}(\xi)|-\frac{(2n)^{-1/2}|\xi|^{m-1}}{10}$
$\min_{1,\omega\in S^{\underline{n}}}|\nabla a_{m}(\omega)|$




$\xi$ , , $a$
.
23. $n\geq 1$ . $(\mathrm{A}1)-(\mathrm{A}4)$ . , $l\in \mathrm{N}$ ,
$\Lambda_{1},$
$\ldots,$
$\Lambda_{\mathrm{t}}\subset \mathbb{R}^{n}\backslash \{0\}$ $\omega_{1},$
$\ldots,$
$\omega_{l}\in S^{n-1}$ , .
(i) $\bigcup_{k=1}^{l}\Lambda_{k}=\mathbb{R}^{n}\backslash \{0\}$ .
(ii) $\xi\in\Lambda_{k}$ , $\nabla a(\xi)\cdot\omega_{k}\geq C|\nabla a(\xi)|$ .
. ( 1 ) $\omega_{0}\in S^{n-1}$ $r>0$ ,
$\Lambda_{\omega 0,r}=\{\lambda\omega;0<\lambda<r, \omega\in S^{n-1}, \omega\cdot\omega_{0}>9/10\}$
, . (A4) , $a_{0}(\lambda\omega)=\nabla a(\lambda\omega)/|\nabla a(\lambda\omega)|$








. , $\eta_{(v_{0}}=a_{0}(r\omega_{0}/2)$ , $\lambda\omega\in\Lambda_{\omega_{0},r}$ ,
$\nabla a(\lambda\omega)\cdot\eta_{\omega_{0}}>\frac{9}{10}|\nabla a(\lambda\omega)|$
. , $\Lambda_{\omega_{0},r}\ni r\omega_{0}/2$ , $\bigcup_{\omega\text{ }\in S^{n-1}}\Lambda_{\omega_{0^{f}}},\supset(r/2)S^{n-1}=\{r\omega/2;\omega\in$
$S^{n-1}\}$ . $(r/2)S^{n-1}$ , $l\in \mathrm{N}$ $\omega_{0,1},$ $\ldots,$ $\omega_{0,l}\in$
$S^{n-1}$ , $\bigcup_{k=1}^{l}\Lambda\{v_{0,k},r:$) $(r/2)S^{n-1}$ . $\Lambda_{\omega_{0,k^{f}}}$, ,
$\bigcup_{k=1}^{l}$ ,k,r $=B_{r}\backslash \{0\}$ . , $\Lambda_{k}=\Lambda_{\omega_{0,k^{f}}}$, $\omega_{k}=7|_{\omega_{0,k}}$ ,
$\bigcup_{k=1}^{l}\Lambda_{k}=B_{r}\backslash \{0\}$ , $\xi\in\Lambda_{k}$ , $\nabla a(\xi)\cdot\omega_{k}\geq C|\nabla a(\xi)|$ .
( 2 ) , $n\geq 2$ . $R>1$ 22 . $\omega_{0}\in$
$S^{n-1}$ . (2.1) , $i$ , $\omega 0\in\Gamma_{j}$ .
, $\omega_{0}$ $S^{n-1}$ o $\subset S^{n-1}\cap\Gamma_{j}$ $\mathrm{W}_{\omega_{0}}^{r}=\{\lambda\omega;\lambda>0, \omega\in U_{\mathrm{t}t_{0}}\}\subset$
$\Gamma_{j}$ . $\bigcup_{\omega\text{ }\in S^{n-1}}U_{\omega 0}=S^{n-1}$ . $S^{n-1}$
, $l\in \mathrm{N}$ $\omega_{0,1},$ $\ldots,$ $\omega_{0,\iota}\in S^{n-1}$ , $\bigcup_{k=1}^{l}U_{\omega_{0,k}}=S^{n-1}$
. , $\bigcup_{k=1}^{l}W_{\mathrm{t}v_{\text{ },k}}=\mathbb{R}^{n}\backslash \{0\}$ . $W_{\omega_{\text{ },k}}$
( $\{W_{\omega_{\text{ },k}}.\}_{k=1}^{l}$ ), $W_{\omega_{\text{ },k}}\backslash \overline{B}_{R}\subset\Lambda_{k}\subset$
$W_{\omega_{0,k}}\backslash \overline{B}_{R-1}$ . 22 $\{(\partial a/\partial\xi_{j})(\xi); \xi\in\Lambda_{k}\}$
$0$ . $k=1,$ $\ldots,$ $l$ , $(\partial a/\partial\xi_{j})(\xi)$
$\Lambda_{k}$ $j$ $\omega_{k}=e_{j}=(0, \ldots j0,1_{(j)}, 0, \ldots, 0)$ ,
$\omega_{k}=-e_{j}$ . , $\bigcup_{k=1}^{l}\Lambda_{k}\supset \mathbb{R}^{n}\backslash \overline{B}_{R}$ , $\xi\in\Lambda_{k}$ ,
$\nabla a(\xi)\cdot\omega_{k}\geq C|\nabla a(\xi)|$ .





$=|a_{m}’( \xi)|-\frac{1}{10}\min_{\xi\in \mathbb{R}\backslash \{0\}}|a_{m}’(\xi)|$
$\geq\frac{9}{10}|a_{m}’(\xi)|$
$>0$
. $\Lambda_{1}=(R-1, \infty),$ $\Lambda_{2}=(-\infty, -R+1)$ . $\omega_{1}=$ sgn $a’(R),$ $\omega_{2}=$
$\mathrm{s}\mathrm{g}\mathrm{n}a’(-R)$ , $n\geq 2$ .
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( 3 ) $r\in(0,1]$ 1 , $R>1$ 2 . $\xi\in$
$\ovalbox{\tt\small REJECT}_{R}\backslash B_{r}$ . $\omega_{\xi}=\nabla a(\xi)/|\nabla a(\xi)|$ .
$\frac{\nabla a((+t\omega_{\xi})\cdot\omega_{\xi}}{|\nabla a(\zeta+t\omega_{\xi})|}$
$(t, \zeta)\in \mathbb{R}\cross \mathbb{R}^{n}$ , $\zeta+t\omega_{\xi}=0$ , $(t, \zeta)=(0, \xi)$
1 , $d_{1},$ $d_{2}>0$ , $\zeta+t\omega_{\xi}\in\Lambda_{\xi}$ ,
$\nabla a(\zeta+t\omega_{\xi})\cdot\omega_{\xi}\geq\frac{1}{2}|\nabla a(\zeta+t\omega_{\xi})|$
. ,
$\Lambda_{\xi}=\{\zeta+t\omega_{\xi};\zeta\in \mathbb{R}^{n}, |\zeta-\xi|<d_{1}, -d_{2}<t<d_{2}\}$
, . , $\Lambda_{\xi}\ni\xi$ , $\bigcup_{\xi\in\overline{B}_{R}\backslash B_{r}}\Lambda_{\xi}\supset$
$\overline{B}_{R}\backslash B_{f}$ . $\overline{B}_{R}\backslash B_{r}$ , $l\in \mathrm{N}$ $\xi_{1},$ $\ldots,$ $\xi_{l}\in\overline{B}_{R}\backslash B_{r}$
, $\bigcup_{k=1}^{l}\Lambda_{\xi_{k}}\supset\overline{B}_{R}\backslash B_{f}$ . , $\Lambda_{k}=\Lambda_{\xi_{k}}$ $\omega_{k}=\omega_{\xi_{k}}$
, $\bigcup_{k=1}^{l}\Lambda_{k}\supset\overline{B}_{R}\backslash B_{r}$ , $\xi\in\Lambda_{k}$ , $\nabla a(\xi)\cdot\omega_{k}\geq(1/2)|\nabla a(\xi)|$ .
1 - 3 .
, 13 .
1.3 . , (1.3) . 23(i) ,
$( \int_{\mathbb{R}^{n}}|\nabla a(\xi)||\tilde{f}(a(\xi), \xi)|^{2}d\xi)^{1/2}=(\int_{\bigcup_{k=1}^{l}\Lambda_{k}}|\nabla a(\xi)||\tilde{f}(a(\xi),\xi)|^{2}d\xi)^{1/2}$
$\leq\sum_{k=1}^{l}$ ($\int_{\Lambda_{k}}|\nabla a(\xi)$I $\tilde{f}(a(\xi), \xi)|^{2}d\xi$) (22)
. . $\omega_{k}=e_{1}=(1,0, \ldots, 0)$ –
. $\xi=(\xi_{1}, \xi^{l})\in \mathbb{R}\cross \mathbb{R}^{n-1}$ $\langle$ . $Z_{k}=\{(a(\xi), \xi’);\xi\in\Lambda_{k}\}$ .
$\Lambda_{k}$ , $\xi\in\Lambda_{k}$ $\{t\in \mathbb{R};te_{1}+\xi’\in\Lambda_{k}\}$
. 23(ii) ,
$\frac{d}{dt}a(te_{1}+\xi’)=\frac{\partial a}{\partial\xi_{1}}(te_{1}+\xi’)\geq C|\nabla(te_{1}+\xi’)|>0$
, $a(te_{1}+\xi’)$ $t$ . ,
$\Lambda_{k}\ni\xi-+(\tau,\xi’)=(a(\xi), \xi’)\in Z_{k}$ (23)
.
$Z_{k}\ni(\tau, \xi’)rightarrow(_{-k}^{-}-(\tau, \xi’),$ $\xi^{j})\in\Lambda_{k}$
. $\xi\in\Lambda_{k}$ ,
$| \det\frac{\partial\xi}{\partial(\tau,\xi’)}|=|\det\frac{\partial(\tau,\xi’)}{\partial\xi}\frac{\partial a}{\partial\xi_{1}}(\xi)|^{-1}\leq C|\nabla a(\xi)|$ (2.4)
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. (2.3) , (2.4) , Minkowski , Plancherel-Perseval
Schwartz ,
$\int_{\Lambda_{k}}|\nabla a(\xi)||\tilde{f}(a(\xi), \xi)|^{2}d\xi$
$= \int\int_{Z_{k}}|\nabla a(---k(\tau, \xi’),\xi’)||\tilde{f}(\tau,---k(\tau, \xi’), \xi’)|^{2}|\frac{\partial a}{\partial\xi_{1}}(_{-k}^{-}-(\tau,\xi^{l}),$ $\xi’)|^{-1}d\tau d\xi’$
$\leq C\int\int_{Z_{k}}|\tilde{f}(\tau,---k(\tau, \xi^{l}), \xi’)|^{2}d\tau d\xi^{l}$
$=C \iint_{Z_{k}}|\int_{-\infty}^{\infty}e^{-ix_{1}\overline{=}_{k}(\tau,\xi’)}\mathscr{F}_{t,x’}[f](\tau,x_{1}, \xi’)dx_{1}|^{2}d\tau d\xi’$
$\leq C\int\int_{Z_{k}}(\int_{-\infty}^{\infty}|\mathscr{F}_{t,x’}[f](\tau, x_{1}, \xi’)|dx_{1})^{2}d\tau d\xi’$
$\leq C(\int_{-\infty}^{\infty}(\iint_{Z_{k}}|\mathscr{F}_{t,x’}[f](\tau,x_{1}, \xi’)|^{2}d\tau d\xi’)^{1/2}dx_{1})^{2}$
$\leq C(\int_{-\infty}^{\infty}(\int\int_{\mathbb{R}^{n}}|\mathscr{F}_{t,x’}[f](\tau, x_{1},\xi’)|^{2}d\tau d\xi’)^{1/2}dx_{1})^{2}$
$=C( \int_{-\infty}^{\infty}(^{-}\iint_{\mathrm{R}^{n}}|f(t, x)|^{2}dtdx’)^{1/2}dx_{1)^{2}}$
$\leq C(\int_{-\infty}^{\infty}(1+x_{1}^{2})^{-\delta/2}(\iint_{\mathrm{R}^{n}}|\langle x\rangle^{\delta}f(t, x)|^{2}dtdx’)^{1/2}dx_{1})^{2}$
$\leq C||\langle x\rangle^{\delta}f||_{L^{2}(\mathbb{R}^{1+\hslash})}^{2}\int_{-\infty}^{\infty}(1+y^{2})^{-\delta}dy$
$=C||\langle x\rangle^{\delta}f||_{L^{2}(\mathbb{R}^{1+n})}^{2}$ (2.5)
. ,x’[f] $(t, x’)\in \mathbb{R}^{n}$ $f$ Fourier . (2.5)
(2.2) ,
$( \int_{\mathbb{R}^{n}}|\nabla a(\xi)||\tilde{f}(a(\xi), \xi)|^{2}d\xi)^{1/2}\leq C||\langle x\rangle^{\delta}f||_{L^{2}(\mathbb{R}^{1+\mathrm{n}})}$ (26)
. , Fourier
. Plancherel-Perseval , (2.6) ,
$||\langle x\rangle^{-\delta}|(\nabla a)(D)|^{1/2}e^{1ta(D)}\phi||_{L^{2}(\mathrm{R}^{1+n})}$
$= \sup_{||\langle x\rangle^{\delta}f||_{L^{2}(\mathrm{n}^{1+n})}=1}|\int_{\mathbb{R}^{n}}\int_{-\infty}^{\infty}(|(\nabla a)(D)|^{1/2}e^{ita(D)}\phi(x))\overline{f(t,x)}dtdx|$
$=$ $\sup$$||(x \rangle^{\delta}f||_{L^{2}(\mathrm{n}^{1+n})}=1|\int_{\mathrm{R}^{n}}\hat{\phi}(\xi)|(\nabla a)(\xi)|^{1/2}\int_{-\infty}^{\infty}\overline{e^{-ita(\xi)}\hat{f}(t,\xi)}dtd\xi|$
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$=(2 \pi)^{1/2}\sup_{||\langle x\rangle^{\delta}f||_{L^{2}(\mathrm{R}^{1+n}})=1}|\int_{\mathbb{R}^{n}}\hat{\phi}(\xi)|(\nabla a)(\xi)|^{1/2}\overline{\tilde{f}(a(\xi),\xi)}d\xi|$
$\leq(2\pi)^{1/2}||\phi||_{L^{2}(\mathbb{R}^{1+n})\sup_{)^{=1}}}(\int_{\mathbb{R}^{n}}|(\nabla a)(\xi)||\tilde{f}(a(\xi), \xi)|^{2}d\xi)^{1/2}$
$\leq C||\phi||_{L^{2}(\mathbb{R}^{1+n}})$




1.4 . $n\geq 2$ . $a(\xi)$
$\xi\in \mathbb{R}^{n}\backslash \{0\}$ , $\nabla a(\xi)=g’(h(\xi))(a_{1}’(\xi), \ldots , a_{n}’(\xi))\neq 0$ (3.1)
.
$\Gamma_{j}=\{\xi\in \mathbb{R}^{n}\backslash \{0\};|\frac{\partial a}{\partial\xi_{j}}(\xi)|>(n+1)^{-1/2}|\nabla a(\xi)|\}$
$= \{\xi\in \mathbb{R}^{n}\backslash \{0\};|a_{j}’(\xi_{j})|>n^{-1/2}(\sum_{l\neq j}(a_{l}’(\xi_{\iota}))^{2)^{1/2}}\}$
,
$\Gamma_{j,1}=\{\xi\in \mathbb{R}^{n}\backslash \{0\};|a_{j}’(\xi_{j})|>n^{-1/2}(\sum_{\iota\neq j}(a_{l}’(\xi_{l}))^{2})^{1/2},\xi_{j}>0\}$ ,
$\Gamma_{j,2}=\{\xi\in \mathbb{R}^{n}\backslash \{0\};|a_{i}^{l}(\xi_{j})|>n^{-1/2}(\sum_{l\neq j}(a_{l}^{l}(\xi_{l}))^{2})^{1/2},\xi_{j}<0\}$
. $\Gamma_{j}=\Gamma_{j,1}\cup\Gamma_{j,2}$ . , (3.1) , $\mathbb{R}^{n}\backslash \{0\}=$
$\bigcup_{j,k}\Gamma_{j,k}$ . . $\Gamma_{1,1}$
. . $\xi=(\xi_{1}, \xi’)\in \mathbb{R}\cross \mathbb{R}^{n-1}$
. $\xi$ $\eta$ $\Gamma_{1,1}$ . $\Psi:[0,1]arrow \mathbb{R}^{n}\backslash \{0\}$
$\Psi(\theta)=\{$
$(\xi_{1}, (1-3\theta)\xi’)$ if $0\leq\theta\leq 1/3$ ,
$((2-3\theta)\xi_{1}+(3\theta-1)\eta_{1},0)$ if $1/3\leq\theta\leq 2/3$ ,
$(\eta_{1}, (3\theta-2)\eta’)$ if $2/3\leq\theta\leq 1$
. $\Psi$ $[0,1]$ $\Gamma_{1,1}$
. , $\Gamma_{1,1}$ $\mathbb{R}^{n}$ , . , $\xi\in\Gamma_{1,1}$
44
,$\{t\in \mathbb{R};ie_{1}+\xi\in\Gamma_{1,1}\}=\{t>-\xi_{1}$ ; $|a_{1}’(t+ \xi_{1})|>n^{-1/2}(\sum_{l\neq 1}(a_{l}’(\xi_{l}))^{2})^{1/2}\}$
.
, 13 14 .
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